Abstract: Th is study investigates the evidence of the export-led growth in major rice exporting countries using the extended production model. In addition, a special attention is paid to sectoral exports, which are specifi ed as non-agricultural, agricultural (excluding rice exports), and rice exports. Th e main fi nding of this study is that the rice exports are an important means of stimulating economic growth in major rice exporting countries.
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The export-led growth (ELG) hypothesis, which states that export is an important determinant of economic growth, has been the subject of a number of empirical studies. Furthermore, its role in economic development is regarded as an important policy issue in many less developed countries (LDCs) (Dawson 2005) . Numerous studies have investigated the relationship between exports and economic growth by examining the effects of the total exports on the gross domestic product (GDP) (Feder 1982; Marin 1992; Ghartey 1993; Kwan and Kwok 1995; Shan and Sun 1998) . Although these previous studies typically utilized the ELG hypothesis, the results were mixed and did not provide any strong evidence either for or against the ELG hypothesis (Jin and Yu 1996) .
Many countries, developing ones in particular, emphasize sectoral exports (for example, tourism service exports in Greece) in their economic development strategies (Thompson and Thompson 2010) . In fact, Johnston and Mellor (1961) claim that the expansion of agricultural exports plays a key role in increasing incomes in developing countries, as the resource allocation of those countries may give them a comparative advantage in the agricultural sector. Compared to the previous studies, the relationship between agricultural exports (for that matter, sectoral exports) and economic growth has been neglected and only a very small study identifies the effect of agricultural exports on GDP (Dawson 2005; SanjuanLopez and Dawson 2010; Duc and Tram 2011) .
Unfortunately, not only is there a lack of research into the impacts of agricultural exportation, but there is also a dearth of information on the effects that the agricultural sector as a whole has on economic growth in developing countries. Furthermore, the lack interest in the effects of rice exportation on economic growth has caused difficulties for the policy makers who remain under the impression that the rice market is "thin."
This study investigates the effects of agricultural exports on GDP using the aggregate production function developed by Solow (1957) and Ram (1985) . Furthermore, its main objective is to analyse the impacts of agricultural exports and rice exports on economic growth in developing countries (especially in the top four rice exporting countries). Moreover, this study analyses exports by dividing them into three subcategories; non-agricultural-exports, agricultural exports (excluding rice exports), and rice exports in major rice exporting countries. An extended production model based on the ELG hypothesis is constructed using the vector error correction model (VECM), which illustrates the dynamic relationships between the variables.
MODEL AND DATA
Following the work of Dawson (2005) , this study focuses on the supply perspective in its investigation of the role of agricultural exports (in particular rice exports) in economic growth as supply has a comparative advantage in rice production. Initially, this study utilizes a theoretical framework developed by Solow (1957 ), Feder (1982 , and Ram (1985) to develop the following model:
(1) Agricultural exports and economic growth: Empirical evidence from the major rice exporting countries doi: 10.17221/99/2014-AGRICECON where Y is the aggregate real output (or GDP), K is capital, L is labour and X is exports, respectively. Equation 1 includes the conventional inputs (capital and labour) and the factors in the ELG hypothesis (export and GDP). In order to examine the contribution of agricultural sectors to economic growth, this study elects to divide the export input into three more strictly defined inputs; non-agricultural exports, agricultural exports (excluding rice exports), and rice exports. Therefore, the extended form of the model which captures the effect of sectoral exports on economic growth (Dawson 2005; Duc and Tram 2011; Serenis et al. 2011 ) is as follows: (2) where X N is non-agricultural exports, X A is agricultural exports (excluding rice exports), and X R is rice exports. To derive the growth rate in Equation 2, we can take the total derivative and then divide by Y:
By simplifying Equation 3 and adding a constant term, α 0 , and a random error term ε, the result becomes: (4) where the dots denote the growth rates and α k is the marginal production elasticity of the k th input (for k = 1, 2, 3, 4, 5).
To analyse the dynamic relationships among the variables, the vector auto-regression (VAR) model can be adopted as follows: (5) where X indicates the estimated variables and μ is an error term. If all of the variables are non-stationary and there are co-integrated vectors, we may consider the vector error correction model (VECM) (see Johansen 1998) . Under these conditions, Equation (4) can be adapted into a VECM like so: (6) When we utilize the time-series data in the regression analysis, the non-stationary series can yield spurious regression results (Granger and Newbold 1974) . For this reason, we use the Augmented Dickey Fuller (ADF) test to identify the stationary of the series. Furthermore, this study utilizes the co-integration analysis and the Granger causality based on the VECM to analyse the relationships between sectoral exports and GDP.
To estimate Equation (4), this paper utilizes the GDP, capital, labour, and trade values (including the total exports, agricultural exports, and rice exports) of major rice exporting countries from 1980 to 2010. According to the FAO rice market monitor (2012), the major rice exporting countries 1 are Thailand, Table 1 presents the summary of descriptive statistics. Table 2 shows the results of unit root tests using the ADF with respect to the estimated variables. As this study uses the time-series data, the unit root tests are required to check for the non-stationarity as the linear model can produce invalid results when the non-stationary series are included. As shown in Table 2 , the null hypothesis of non-stationarity cannot be rejected at the 10% level for any of variables, therefore, we conclude that GDP, capital, labour, and exports in the four countries are non-stationary. Table 3 illustrates the results of the Johansen cointegration procedure which determine the number of the co-integrating relationship among the six variables in each of the four countries. The results indicate that the null hypotheses from no co-integration through three co-integrating relationships (r = 0, 1, 2, 3) can be rejected at the 5% level, but the null of four cointegrating relationships (r = 4) cannot be rejected for any of the countries.
EMPIRICAL RESULTS
Tables 4 and 5 present the estimated results of shortand long-run relationships among the variables. Table 4 shows that three of the four countries (Vietnam excluded) fail to demonstrate a positive relationship between economic growth and either agricultural exports or rice exports in the short-run. However, the estimated coeffi cients on are signifi cant at the 10% level for all four countries, and this implies the existences of long-run relationships. As seen in Table 5 , the coeffi cients on non-agricultural exports range from 0.2929 to 0.3068 and are signifi cant at least on the 5% level (excepting Pakistan), but the coeffi cients of agricultural exports (excluding rice exports) are not signifi cant. Th e rice export coeffi cients range from 0.1429 to 0.2468 and are signifi cant at least the 10% level.
Finally, Table 6 represents the results of the Granger causality test, and the results imply that three countries (Thailand, Vietnam, and Pakistan) demonstrate the Granger causality between non-agricultural exports and economic growth; one country (Thailand) exhibits the Granger causality between agricultural exports and economic growth; and all four countries indicate the Granger causality between rice exports and economic growth. The p-values are in parentheses; *** indicates significance at the 1% level, **significance at the 5% level, *significance at the 10% level; the optimal lag order length (all countries are p = 1) is selected by the Akaike Information Criterion (AIC) and the Schwartz Information Criterion (SC) exports and economic growth. This implies that, in the major rice exporting countries, rice exports can serve as a catalyst for the aggregate growth in the long-run. Especially, we often consider 'rice' as a 'strategic commodity' in Asia because rice is a major food staple and a mainstay for the rural population (FAO Rice in World Trade 2002). In addition, developing countries are the main players in the world rice trade, producing 83% of all rice exports and consuming 85% of imports (FAO Rice Market Monitor 2012). Figure  1 illustrates the relationship between rice exports and economic growth; one can see that the top four rice exporting countries lie above the 45 degree line. That is, this would seem to indicate that all major rice exporting countries increase the economic growth in their rice exports. Therefore, rice exports can be regarded as an important factor in the economic growth of Thailand, Vietnam, India, and Pakistan. The p-values are in parentheses; ***indicates significance at the 1% level, **significance at the 5% level, *significance at the 10% level; procedures are adopted by the ordinary least square (OLS) 
CONCLUSION
This study attempts to investigate the role of agricultural exports in the economic growth. Based on the ELG hypothesis, this study adopts the extended production model. Furthermore, the short-and longrun relationships between the variables are analysed with a VECM, and the Granger causality procedures are conducted to determine the presence of the causal relationship. Unlike the previous studies, this study focuses on sectoral exports, specifically agricultural exports and rice exports, in major rice exporting countries. The main conclusion of this analysis is that there is evidence that rice exports affect the economic growth in Thailand, Vietnam, India, and Pakistan.
In particular, Sachchamarga and Williams (2004) mentioned that rice exports play a key role in the Thailand's economy and serve as its second largest source of the foreign exchange income. In Vietnam, the doi moi (1986 economic reform) policy, the implemented in the agricultural sector stimulated rice exports, encouraged savings, and opened the country to foreign investment. Consequently, the success of this reform in the rice sector had transformed Vietnam from a chronic rice importer to one of the top four rice exporting countries in the world (Minot and Goletti 2000) .
Furthermore, this study points out that the rice policy makers should take note of the influence of rice exports on the economic growth and support a continued investment in the industrial rice fields. However, some previous studies (Tiffin and Irz 2006; Faridi 2012; Awokuse and Xie 2014) have argued that the empirical evidences supporting the agricultureled growth (ALG) hypothesis is inconclusive and varies greatly depending on the stage of the economic growth. Hence, a further research ideally conducted with a large cross-sectional data set is needed to expand the ALG hypothesis. The line of AB indicates the 45 degree line
